Background: The standard of care for lower extremity soft tissue sarcoma (STS) is limb-sparing surgery. A small subset of these patients will require concomitant vascular reconstruction to ensure adequate resection and to preserve limb viability and function. The aim of this study was to evaluate outcomes in these patients with respect to wound healing and postoperative functional status.
The standard of care in the treatment of lower extremity soft tissue sarcoma (STS) has evolved from oncologic resection by primary amputation to function-sparing limb-preserving resection. 1 Involvement of the neurovascular structures further complicates treatment. In these cases, vascular reconstruction is required to achieve complete oncologic resection, to avoid primary amputation, and to maintain function. 2 In patients with vascular involvement, the only way to avoid primary amputation is with vascular reconstruction. However, vascular reconstruction in addition to oncologic resection increases the complexity of surgery, lengthens operative times, and increases surgical wound burden. In patients who would otherwise undergo primary amputation, the goal of revascularization is to maintain function.
The Musculoskeletal Tumor Society (MSTS) functional assessment score is a well-established and validated scoring system that evaluates functional status and level of impairment after tumor treatment. 3 The patient and physician together complete the MSTS assessment, and a numerical score and percentage rating are calculated, allowing comparison between musculoskeletal tumor reconstructions. 3 The aim of this study was to assess survival, time to complete wound healing, and functional outcomes with the MSTS in patients after vascular reconstruction during resection for lower extremity STS. We Author conflict of interest: none.
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METHODS
This study was approved by the Institutional Research Ethics Review Board, and patient consent was obtained for inclusion in the registry and publication. Outcomes for a total of 154 patients treated for malignant lower extremity STS during an 8-year period between 2005 and 2013 were entered into a prospective registry. Treatment was by medical management in 3 patients (2%), limbsparing surgery with vascular reconstruction (LSVR) in 9 patients (6%), and limb-sparing surgery without vascular reconstruction in 142 patients (92%). In all cases, the need for vascular reconstruction due to either direct involvement or proximity of the sarcoma with the vessels was determined on preoperative imaging with computed tomography angiography. As well, type of vascular reconstruction was based on preoperative imaging. No patients in the study period underwent primary amputation to treat the sarcoma. The registry and patient records and the intraoperative records were consulted to determine the primary outcomes of patient survival and total time to wound healing. In the LSVR patients, the number and type of adjunctive procedures performed to achieve wound healing were also recorded. All patients had assessment of graft patency through semiannual (6-month) clinical examination and duplex ultrasound. The functional status of patients was assessed using the MSTS functional assessment score before surgery and then again at 6 and 12 months after surgery. The MSTS functional assessment score is a well-established and validated scoring system that evaluates functional status and level of impairment after tumor treatment. 3 The difference in continuous variables between groups was assessed using a one-sided t-test. The difference in categorical variables between groups was assessed using c 2 test. Difference in survival was compared between groups using the log-rank test. A P value of <.05 was considered statistically significant.
RESULTS
Of the 154 patients treated for lower extremity STS, 9 (6%) required vascular reconstruction, 6 (4%) had arterial and venous involvement alone, and 3 (2%) had nerve involvement in addition to arterial and venous involvement requiring resection of the nerve. Table I outlines patient baseline characteristics, adjuvant therapy, histologic subtype of the sarcoma, tumor location, surgery performed, additional interventions required, and total days to wound healing. Eight of the tumors treated were primary sarcomas located in the thigh, and one patient underwent vascular reconstruction at the time of resection of a recurrent sarcoma in the popliteal fossa. All patients had adjuvant or neoadjuvant therapy. Three (33%) underwent only preoperative radiotherapy, two (22%) had both preoperative and postoperative radiotherapy, one (11%) had preoperative and postoperative chemotherapy, and three (33%) had a combination of preoperative and postoperative chemoradiotherapy.
The type of vascular reconstruction performed in each patient is presented in Table I . Eight (89%) patients were treated with arterial bypass. All bypasses were performed using reversed great saphenous vein harvested from the contralateral leg. The most common reconstruction was a femoral-popliteal bypass (five patients [56%]). Other reconstructions included iliac to superficial femoral artery bypass (one patient [11%]), proximal superficial femoral artery to distal superficial femoral artery bypass (one patient [11%]), and superficial femoral artery to popliteal bypass (one patient [11%]). One patient (11%) had a massive tumor in the popliteal fossa that was not locally resectable, so en bloc resection of the distal thigh and above-knee popliteal fossa was performed, preserving the popliteal nerve with rotationplasty and with reconstruction of both the artery and deep veins. Rotationplasty is a procedure well described in the orthopedic literature 4 and involves resection of the lesion of the distal thigh en bloc with the distal femur and knee joint, preservation of the popliteal nerve, and then rotation and fixation of the distal segment 180 so that the ankle joint is in the reversed position and will function as a knee joint. After rotation, the tibia was fixed to the proximal femur with fixation plates. For this patient, the distal superficial femoral artery and above-knee popliteal arteries and veins were also resected en bloc with the lesion. Vascular reconstruction involved a primary endto-end anastomosis between the proximal superficial femoral artery and the below-knee popliteal artery and between the superficial femoral vein and popliteal vein. This patient who was treated with rotationplasty was the only patient in this series in whom the resected venous anatomy was reconstructed. No patients had nerve reconstruction or grafting, and no patients had the use of temporary vascular shunts. Mean follow-up time was 74.7 months for the LSVR group and 53.4 months for the group without vascular reconstruction. Seven of the nine patients (78%) required additional surgical interventions after the initial procedure to achieve wound healing (Table I ). In total, there were 12 additional procedures required in these 7 patients including 9 procedures for drainage of infected and sterile seromas, 1 skin graft, 1 gracilis pedicle flap, and 1 vertical rectus abdominis myocutaneous flap. In four patients, vacuum-assisted closure devices were used for wound healing after procedures to drain seromas. The overall mean time to wound healing was significantly higher in patients requiring vascular reconstruction than in those without vascular reconstruction (Table II; mean 88 6 28 vs 34 6 39 days; P < .002).
There were four reinterventions for vascular complications in two patients. Both of these patients received postoperative radiotherapy. One patient underwent bypass revision and thrombectomy for acute bypass thrombosis related to a technical problem at the distal anastomosis on the same day as the index procedure. This same patient required balloon angioplasty and stenting to treat a severe proximal anastomotic stenosis that developed 40 months after the index procedure. The other patient required two balloon angioplasty procedures to treat hemodynamically significant bypass graft stenoses 20 and 40 months after the index procedure. There were no delayed amputations in the LSVR group. Overall survival in patients requiring vascular reconstruction was significantly lower than in those without vascular reconstruction (Fig; P ¼ .01) , and all the postoperative deaths were due to recurrence of the sarcoma with metastatic disease. Functional status between patients requiring vascular reconstruction and patients having resection without vascular reconstruction was assessed with the MSTS score.
3 MSTS scores were evaluated preoperatively and at the 6-and 12-month postoperative follow-up visits (Table III) . There were no significant differences in MSTS scores between the two groups before treatment or at the 6-and 12-month follow-up visits.
DISCUSSION
Limb-preserving surgery has become the standard of care for lower extremity STS. 1, 5 It has been previously reported that radical surgical resection, when combined with radiotherapy or chemotherapy, can avoid primary amputation and result in improved quality of life outcomes without affecting survival rates. 6 However, to achieve negative margins, en bloc resection, including all or some of the components of the neurovascular bundle, is sometimes required, and in some cases vascular reconstruction is required to maintain the viability and function of the limb. 7 The first case of vascular reconstruction combined with extremity sarcoma resection was reported by Fortner et al in 1977. 2 In our experience reported here, the mean time to complete wound healing in patients requiring vascular reconstruction during lower extremity STS resection was more than double that in patients requiring resection alone (Table II ; mean 88 6 28 vs 34 6 39 days; P < .002). As well, the postoperative course in patients undergoing vascular reconstruction was associated with multiple surgical reinterventions to achieve complete wound healing. Most commonly, 78% of patients required procedures to drain and to control large seromas that formed in the large dead space created by the resection. Vacuum-assisted wound closure devices were helpful to control drainage and to decrease the surgically created dead space in these patients. Revascularization increases the duration and complexity of the procedure and increases the overall wound size and number of wounds, so it is not surprising that the majority of complications were related to wound healing.
Previous studies, although limited by the small number of study subjects, suggest decreased rates of wound infection with the use of saphenous vein compared with synthetic material for bypass conduit. 8, 9 In this series, all patients had a single segment of reversed saphenous vein as the conduit, and in all cases the conduit was harvested from the contralateral leg. All bypasses were tunneled in an extra-anatomic plane through muscle to decrease the risk of graft infection and to route the bypass out of the area of dead space. In two cases, this could not be accomplished without performing more complex plastic surgery intervention to completely cover the bypass graft, and in one case a vertical rectus abdominis myocutaneous flap was performed during the index procedure to achieve adequate coverage of the bypass. In another case, when major wound dehiscence resulted in an exposed graft within a large thigh wound with active lymph drainage, a gracilis pedicle flap was performed to fill the defect in the thigh and to cover the graft at 34 days after the index procedure.
Another factor related to prolonged wound healing in these cases was the uniform use of adjuvant or neoadjuvant radiotherapy and chemotherapy. Perioperative radiotherapy, a proven adjunct in the treatment of lower extremity STS, is also a factor associated with increased postoperative complications. 10, 11 Previous studies have shown a significant association between radiotherapy and both impaired wound healing and increased bypass stenosis. 10, 11 In the current study, three angioplasties were performed in two patients with bypass graft stenosis. In one patient, bypass stenosis requiring reintervention occurred approximately 1.5 years after the index surgery. In the other patient, reintervention was required at approximately 1.5 years and 3 years for bypass stenosis. Both of these patients underwent adjunctive postoperative radiotherapy. It is reasonable to assume that adjunctive radiotherapy, although necessary for oncologic management of lower extremity STS, is likely to increase the risk of stenotic complications. Recently, Nishinari et al 12 reported results from a series of 25 patients after resection of STS with vascular invasion. Unlike in our series, in which no patient had venous reconstruction, in this series, 19 patients had both arterial and venous reconstruction, 4 had only venous reconstruction, and 2 had only arterial reconstruction. Overall 5-year survival probability was 42.1% in these patients, which is similar to our series (Fig) , in which only arterial reconstruction was performed and no venous reconstruction was performed. Unlike in our series, however, there was no comparison in outcomes to patients requiring resection for STS without vascular reconstruction with respect to survival, recovery time, or functional outcome. In our series, the overall survival was significantly lower in the patients with STS requiring vascular reconstruction than in those having resection without vascular reconstruction; however, vascular reconstruction in addition to lower extremity STS resection does not appear to have a negative impact on the functional outcome postoperatively. Limb functional status was evaluated in these patients using the MSTS score at the preoperative and 6-and 12-month postoperative visits. The MSTS is a scoring system that was developed by the MSTS and validated in 1993 to evaluate functional status and level of impairment after tumor treatment. 3 Six criteria are assessed during physical examination by the physician, including pain, function, emotional acceptance, walking, gait, and need for walking aids. A numerical value is assigned in each category of 0 to 5, with a resultant total maximal score of 30. Numerical scores are then grouped into categories of poor, fair, good, or excellent. In the current study, the average MSTS scores in both groups at all visits were either good or excellent. There were no significant differences between the two groups at the preoperative visit or at the two postoperative visits. This study is unique in that functional outcome in patients requiring vascular reconstruction during surgery for STS is evaluated and compared with that of patients requiring resection alone using an objective and validated measurement tool.
The low incidence of lower extremity STS is a limiting factor in obtaining a large sample size and a weakness in the current study. As well, the pathologic processes and locations of the treated lesions are different in each case. It is difficult to interpret the finding that the survival in this series of patients was lower in patients requiring vascular reconstructions compared with sarcoma patients who did not require vascular reconstruction. It could be that vascular reconstruction patients had more locally advanced disease than the cases without vascular reconstruction, and this comparison is of two heterogeneous groups with various pathologic processes. Because these lesions are relatively rare, the results from much larger multicenter registries would be helpful to evaluate the impact of vascular reconstruction on survival of patients requiring vascular reconstruction during limb-sparing surgery to treat lower extremity sarcomas.
CONCLUSIONS
The results of this study indicate that limb-sparing surgery can be achieved for patients with lower extremity STS with vascular involvement with similar functional outcomes compared with those not requiring revascularization. This functional outcome, however, comes at a cost of multiple surgical reinterventions and significantly prolonged time to wound healing and in this series was associated with lower overall survival.
